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(57) ABSTRACT

Organohalosilanes are prepared by the Rochow process of
reacting metallic silicon particles with an organohalide 1n
the presence of a copper catalyst. The metallic silicon
particles, which are prepared by committing fragments of
metallic silicon raw material, have a mean particle size of 10
um to 10 mm and a surface oxygen quantity of at least 0.05
wt % and/or at least 0.001 g of oxygen/m* of silicon surface
arca, which 1s given as the difference between the oxygen
concentrations determined by in-metal oxygen analysis of
the metallic silicon particles and the fragments, respectively.
On analysis, the metallic silicon particles have been held for
at least 3 hours in an air atmosphere at 25° C. and RH 55%
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PROCLESS FOR PREPARING
ORGANOHALOSILANES

This invention relates to a process for preparing organo-
halosilanes by the so-called Rochow reaction.

BACKGROUND OF THE INVENTION

The Rochow reaction 1s typically employed 1n the indus-
trial process for the synthesis of organohalosilanes such as
methylchlorosilanes. The Rochow reaction 1s the direct
reaction of organic halides such as alkyl halides and phenyl
halides with metallic silicon particles which 1s carried out at
250 to 500° C. in the presence of a copper catalyst and a
co-catalyst. While this reaction requires keeping a high
reaction rate, a key technology 1n the synthesis of methyl-
chlorosilanes 1s to increase the selectivity of the most
desirable dimethyldichlorosilane. A key technology 1n the
synthesis of phenylsilanes 1s to produce the desirable diphe-
nyldichlorosilane and phenyltrichlorosilane 1n a composi-
fion matching with their demand.

The conventional Rochow reaction requires a very long
time for activation until the reaction reaches a steady state.
The steady state, in turn, 1s relatively short. The contact
mass’s activity lowers with the lapse of time, and the yield
of diorganodichlorosilane decreases accordingly. In the syn-
thesis of methylsilanes, for example, there arise problems
that high-boiling fractions such as disilanes and undesired
products such as methyltrichlorosilane increase due to side
reaction. This necessitates exchanging the contact mass in
the reactor. Shortening the activation time 1s one of the
outstanding problems. Since the Rochow reaction mainly
uses reaction 1n a fluidized bed or agitating fluidized bed, a
variety of reports have been made on the particle size of
metallic silicon particles suitable to form the fluidized bed.

In this reaction, it 1s 1mportant to increase the reaction rate
of metallic silicon because the cost of metallic silicon 1is
predominant among the raw material cost. Since a variety of
by-products usually form 1n addition to the desired
diorganodichlorosilane, 1t 1s also 1important to control reac-
fion conditions so that the proportion of these by-products
may comply with the supply/demand balance of organochlo-
rosilanes. Industrially, this reaction 1s generally carried out
in a reactor such as a fluidized bed, vibrating fluidized bed
or agitating fluidized bed while replenishing the contact
mass to the reaction system. The reaction 1s a very complex
cgas-solid heterogeneous reaction in that the reaction itself
occurs on surfaces of metallic silicon particles and the
catalyst 1s solid. For this reason, the reaction mechanism has
not been well understood. It 1s empirically known that the
results of reaction vary over a wide range depending on the
attributes (including source, manufacturer, manufacturing
equipment, and crushing technique) of particular metallic
silicon particles used. Several proposals have been made 1n
this regard, but none of them have become established. In
the present status, when metallic silicon of a new lot or
origin becomes available, a preliminary reaction test must be
done to determine whether or not it can be used 1n practice.
Since many factors of metallic silicon that affect the reaction
have not yet been revealed, lively discussions have recently
been made in the society of metallic silicon (see, for

example, Silicon for the Chemical Industry IV: Geirenger,
Norway, Jun. 3-5, 1998).

What 1s important 1s the reaction activity of metallic
silicon particles subject to reaction. The reaction activity has
been studied from various aspects. In this regard, a variety
of proposals (for example, relating to properties of metallic
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silicon 1itself) have been made. More specifically, 1t is well
known that aluminum which 1s present in metallic silicon as
an 1mpurity 1s effective as a co-catalyst for the Rochow
reaction. Aluminum at the same level 1s active 1n some form,
but inactive 1n other form. For the reason that only the active
form of aluminum present 1n metallic silicon as an 1impurity
1s necessary, H. M. Rong et al. reported the method of
measuring active aluminum and recommended the use of

active aluminum (see Proceeding Silicon for the Chemical
Industry, pp. 69 (1998)). U.S. Pat. No. 5,334,738 or JP-A

6-2347776 discloses a method for quantitatively determining
the dispersion of intermetallic compounds 1n metallic silicon
as an 1mpurity and the criterion of choice of metallic silicon
for reactivity control. This method 1nvolves cutting a metal-
lic silicon mass, polishing the surface to a mirror finish,
observing the morphology of the surface under a
microscope, and computing a structural parameter QF from
structural factors. Metallic silicon having the structural

parameter QF of 18 to 60 has the highest reactivity and its
use 1s recommended. U.S. Pat. No. 5,281,739 discloses to

evaluate the reactivity of a contact mass by adding copper to
molten metallic silicon.

Making follow-up tests on these methods, we found that
the reactivity of metallic silicon could not be determined by
any ol these methods while these methods were effective
only m special limited systems. These methods cannot be
umversally adopted.

In general, metallic silicon remains stable 1n that 1t has
been oxidized on its surface and 1s covered with stable
silicon oxide so that mmward oxidation may not proceed
beyond a certain thickness. However, as seen from the
semiconductor silicon, 1t 1s well known that silicon itself has
a very high oxidizing ability and there 1s not available
metallic silicon which 1s free of oxide film 1n air. It 1s also
known that the surface of metallic silicon particles for use 1n
the Rochow reaction has more or less oxide film, which
affects the Rochow reaction. The oxide film on metallic
silicon relative to reactivity and selectivity in methylsilane
reaction 1s discussed 1n the reports of G. J. Hutching et al.,
Silicon for the Chemical Industry, Geirenger, Norway, pp.

85-98, 1992, and G. Laroze, Silicon for the Chemical
Industry II, Leon, Norway, pp. 121-127, 1994. These reports

describe the mfluence of oxide film on reactivity and selec-
tivity while the oxide film on metallic silicon particles 1is
locally analyzed by x-ray photoelectron spectroscopy. No
reference 1s made to the activity of metallic silicon itself.
Also, J. L. Falconer et al., J. Catal., vol. 159, pp. 3141,
1996, study an oxide film on a silicon wafer and discuss the
orientation of crystals and reactivity. This discussion 1s not
applicable to the surface of metallic silicon particles for the
Rochow reaction, and no reference 1s made to the activity of
metallic silicon itself. None of the foregoing reports estab-
lish a measurement method for specitying metallic silicon
particles for industrial use.

As understood from the above, the heretofore proposed
methods are not generally applicable to the industrial use.
When the Rochow reaction was actually carried out using
metallic silicon particles which were selected under any of
the foregoing selection criteria while the remaining factors
are set 1dentical, the results of reaction experienced a wide
range of variation. Therefore, metallic silicon particles hav-
ing properties speciiied by any of the prior art proposals are
applicable to only a special reaction system. There 1s a need
to have metallic silicon particles capable of finding practical
use 1n the mdustry and their evaluation method.

SUMMARY OF THE INVENTION

An object of the 1nvention 1s to provide a process for
preparing organohalosilanes, capable of facilitating and
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ensuring the selection of active metallic silicon particles
used 1n the Rochow reaction.

We have found that the activity of metallic silicon par-
ficles used 1n the Rochow reaction is closely correlated to the
thickness and quantity of oxide film formed on metallic
silicon surface which can be measured as a surface oxygen
quantity. For the measurement of the surface oxygen
quantity, metallic silicon particles and fragments of metallic
silicon raw material which are to be comminuted into the
metallic silicon particles are separately measured for oxygen
concentration by in-metal oxygen analysis (oxygen fraction-
ation using an inert gas fusion furnace), the surface oxygen
quantity being given by the difference between these oxygen
concentrations. The metallic silicon particles subject to the
measurement must be those which have been held for at least
3 hours in an air atmosphere at 25° C. and RH 55% after
comminution. This holding period ensures the accurate
measurement of the activity of metallic silicon particles.
Metallic silicon particles having a surface oxygen quantity
thus determined to be at least 0.05% by weight and/or at
least 0.001 g of oxygen per square meter of silicon surface
area are selected for use 1n the reaction. This method ensures
to select metallic silicon particles having a high activity
necessary for the synthesis of organohalosilanes by the
direction reaction of organic halides with metallic silicon
powder. This enables to reduce the activation time of the
contact mass taken until the steady state 1s reached, also
known as the triggering of reaction, which has been a bottle
neck 1n the Rochow reaction, improve the selectivity 1n the
steady state even when the rate of reaction 1s increased, and
as a result, increase the percent effective utilization of
silicon. In one prior art procedure relating to metallic silicon,
a preliminary reaction test using comminuted metallic sili-
con particles 1s performed for evaluating the reaction activ-
ity thereof before the industrial use of metallic silicon
particles 1s decided. The present invention solves the prob-
lem of such an extra test.

The invention provides a process for preparing organo-
halosilanes comprising reacting metallic silicon particles
with an organohalide in the presence of a copper catalyst.
The metallic silicon particles, which are prepared by com-
minuting fragments of metallic silicon raw material, have a
mean particle size of 10 ym to 10 mm and a surface oxygen
quantity of at least 0.05% by weight and/or at least 0.001 g
of oxygen per square meter of silicon surface area, which 1s
orven as the difference between the oxygen concentrations
determined by in-metal oxygen analysis of the metallic
silicon particles which have been held for at least 3 hours 1n
an air atmosphere at 25° C. and RH 55% and the fragments,

respectively.

In the prior art relating to the organochlorosilane synthe-
sizing reaction (known as the Rochow reaction) between an
alkyl halide (e.g., methyl chloride) or aryl halide (e.g.,
benzene chloride) and metallic silicon in the presence of a
copper catalyst and co-catalyst, the outstanding problems
are the activation time (or induction period) taken long until
the steady state 1s reached as well as the reaction rate and
selectivity to form silanes. To solve these problems, an
improvement 1n catalyst composition and an improvement 1n
metallic silicon particles themselves are necessary. We have
learned the mechanism of silane reaction and succeeded 1n
consistently optimizing metallic silicon particles, thereby
solving the above-mentioned problems of the Rochow reac-
fion. It becomes possible to increase the selectivity of the
desired diorganodihalosilane and improve the yields of
reaction products. It also becomes possible to exclude the
preliminary reaction test suffering from a wide range of
variation and manage the Rochow reaction in a quantitative
manner.
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BRIEF DESCRIPTION OF THE DRAWINGS

The only FIGURE, FIG. 1 schematically illustrates a
system for the preparation of organohalosilanes.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The 1nvention 1s directed to a process of contacting an
organohalide (e.g., alkyl halide or aryl halide) with metallic
silicon particles 1n the presence of a copper catalyst to form
organohalosilanes of the following formula:

R H SiX (1)

wherein R 1s C,_, alkyl or aryl such as phenyl, X 1s a halogen
atom such as chlorine or bromine, and “m” 1s an integer of
1,2 or 3, “n” 1s an 1nteger of 0, 1 or 2, and m+n 1s an integer
of 1, 2 or 3. In particular, the invention places a focus on the
metallic silicon particles used in this Rochow reaction.
Therefore, the invention pertains to the selection of metallic
silicon particles which can reduce the activation time (or
induction period) taken until the reaction reaches a steady
state, that has been a bottle neck 1n reaction of this sort, and
sustain the high activity in the steady state, to the method of
evaluating the activity for enabling that selection, and to the
use of metallic silicon particles 1n the Rochow reaction.

More particularly, metallic silicon 1s usually prepared by
reducing silica along with carbon 1n an arc furnace at a high
temperature above 2,500° C., which requires a large amount
of electric energy and naturally adds to the cost of silicon.
The cost of organohalosilane which 1s a precursor to silicone
resin largely depends on the conversion rate of the expensive
metallic silicon to the silane (because a variety of silane
by-products form due to side reaction), the production rate
(or selectivity) of useful silanes meeting the demand
balance, and the reaction rate which 1s considered important
for the industrial process. From such a standpoint, silicone
manufacturers use the simple term “reactivity” for both the
selectivity and reaction rate of the product and seek for
metallic silicon capable of exhibiting a high reactivity in
theirr own manufacturing apparatus. On the other hand,
regarding metallic silicon for use in the Rochow reaction
and the manufacture of trichlorosilane as a semiconductor
raw material approximate to the Rochow reaction (the
majority of the overall consumption of metallic silicon 1is
used in these industrial areas), metallic silicon manufactur-
ers actually perform a simulation of the reaction and make
from their own aspect research for forming metallic silicon
having a high reactivity and selectivity while paying atten-
fion to the content and form of impurities, manufacturing
method, cooling method, etc. The fruitful results of such
research about metallic silicon for chemical use are reported
in the international meeting “Silicon for Chemical Industry™
held 1n Norway at intervals of every two years where
information exchange 1s made. Since the Rochow reaction
itself 1s not thoroughly understood up to the present, each
manufacturer makes the evaluation of metallic silicon based
on 1ts own scale.

The Rochow reaction 1s a gas-solid heterogeneous reac-
tion between the organic halide which 1s gaseous at elevated
temperature and metallic silicon which 1s solid even at
clevated temperature 1n the presence of a catalyst. Since 1t 1s
expected that the reactivity largely depends on the nature of
metallic silicon as crystal, the method for quantitatively
determining the dispersion of intermetallic compounds as
impurities 1n metallic silicon and the criterion of choosing
metallic silicon for reactivity control proposed i1n JP-A
6-234776 are reasonable at a glance and worth considering.

4—r—rt
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This method mvolves cutting a metallic silicon mass, pol-
1shing the surface to a mirror finish, observing the metal-
lurgical state of the surface under a microscope, and com-
puting a structural parameter QF from structural factors. The
use of metallic silicon having the structural parameter QF of
18 to 60 1s recommended because of the highest reactivity.

However, making analysis on the size of crystallites in
ordinary metallic silicon of industrial grade, we found that
crystallites in ordinary metallic silicon of industrial grade
are of millimeter order because silicon 1s highly crystalline.
By contrast, metallic silicon particles used 1n actual reaction
have a size of about 100 microns at most. It 1s then evident
that metallic silicon particles used 1n the Rochow reaction
cach consist of a few crystallites. It 1s thus believed that the
state of intermetallic compounds in metallic silicon as
impurities observed under a microscope does not always
represent the crystallinity of metallic silicon that governs
reactivity.

Since crystal defects are present 1n these zones, commi-
nution of metallic silicon causes 1mpurity-containing areas
to selectively develop at surfaces. The active aluminum
theory proposed by H. M. Rong et al., Proceeding Silicon for
the Chemical Industry, pp. 69, 1998, 1s considered, based on
its measurement method (measured in terms of the quantity
extracted with aqueous hydrochloric acid), to indicate that
aluminum present on surfaces of metallic silicon particles 1s
active. However, these areas selectively develop at surfaces
as a result of comminution, the extracted quantity 1s pro-
portional to the amount of aluminum, and the percent
extraction 1s substantially constant. The method of H. M.
Rong et al. cannot be directly applied to the relevant
reaction.

As described above, the Rochow reaction 1s a gas-solid
heterogeneous reaction between the organic halide which 1s
gaseous at elevated temperature and metallic silicon par-
ticles which remain solid even at elevated temperature. As

understood from the reports of G. Laroze, Silicon for the
Chemical Industry II, Leon, Norway, pp. 121-127, 1994 and

J. L. Falconer et al., J. Catal., vol. 159, pp. 31-41, 1996, 1t
1s fully anticipated that reactivity 1s largely affected by the
crystal orientation of metallic silicon particles and the sur-
face state of oxide film, etc. However, a precise study of the
Falconer report reveals that only the oxide film on metallic
silicon and the selectivity in methylsilane reaction are dis-
cussed using semiconductor silicon. This theory 1s appli-
cable with difficulty to metallic silicon particles for actual
use 1n the industry. In the Laroze report, a specific measure-
ment method 1s not referred to.

Since silicon 1s highly reactive 1n air, an oxide film forms
on the surface of metallic silicon as a result of contact with
air. In general, comminution, transportation and storage of
metallic silicon mass are performed 1n an 1nert gas or 1n an
atmosphere having a low oxygen concentration in order to
avold the danger of dust explosion. Since oxygen 1s not
always completely shielded, an oxide film normally exists
on the surface of metallic silicon. It 1s also empirically
known that the reactivity of metallic silicon differs with
storage conditions.

On the other hand, the process of manufacturing metallic
silicon for industrial use mvolves, for the purpose of reduc-
ing 1mpurities such as aluminum and calcium, the refining
step of tapping silicon material 1into a tapping container
known as ladle, and blowing oxygen or air into the molten
silicon material from below, to convert the impurities into
oxides for removal. In this step, silicon 1s also somewhat
ox1dized. Since the silicon monoxide thus formed has a high
vapor pressure and silicon 1s highly crystalline as previously
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mentioned, silicon oxide (including silicon monoxide and
dioxide) is excluded as slag upon cooling entailing crystal
orowth. Then little oxygen 1s present in metallic silicon.

It has thus been found that the majority of oxygen
measured by oxygen analysis on metallic silicon particles in
an 1nert gas fusion furnace 1s attributable to oxygen present
on surfaces thereof. Since fine particulates of slag can, of
course, be 1nternally included depending on the manufac-
turing process, the absence of such slag particulates must be
confirmed before analysis.

Through the foregoing mvestigations, we have found that
provided that metallic silicon particles are prepared by
comminuting fragments of metallic silicon raw material, the
quantity of surface oxygen on metallic silicon particles 1s
represented by the difference between the oxygen quantities
of the metallic silicon particles and the fragments which are
measured by means of an inert gas fusion furnace-built-in
oxygen analyzer (generally known as an in-metal oxygen
analyzer and commercially available as model EMGA-650

from Horiba Ltd.). We have further found that the surface
oxygen quantity 1s divided by the surface area of metallic
silicon particles to calculate an oxygen quantity per unit
surface area, which becomes a useful parameter. The metal-
lic silicon particles subject to the measurement must be
those which have been held for at least 3 hours 1n an air
atmosphere at 25° C. and RH 55% after comminution. Since
the surface oxidation of metallic silicon particles 1s substan-
tially saturated within about 3 hours, the upper limit of the
holding time 1s not particularly limited. The time of holding
1n air 1s preferably 3 to 48 hours, and more preferably 16 to
24 hours.

As mentioned above, metallic silicon particles are highly
oxidative so that the surface 1s oxidized by bonding with
oxygen 1n air. The degree of surface oxidation largely varies
with the storage environment and time. Therefore, 1n carry-
ing out in-metal oxygen analysis on metallic silicon particles
for determining a “surface oxygen quantity,” the value of
in-metal oxygen analysis changes depending on the storage
conditions under which the metallic silicon particles have
been stored. In order to ensure that the activity of metallic
silicon particles mm Rochow reaction 1s determined, oxygen
analysis must be effected on the metallic silicon particles
which have been held for at least 3 hours, preferably 3 to 48
hours, and more preferably 16 to 24 hours 1 an air atmo-
sphere at 25° C. and RH 55%. Such metallic silicon particles
subject to measurement are obtained by comminuting metal-
lic silicon fragments (obtained by crushing a metallic silicon
mass) in an inert gas stream or a low oxygen concentration
(typically, 15% or less) atmosphere to a particle size suitable
for Rochow reaction, specifically a mean particle size of 10
um to 10 mm, and immediately thereafter, holding the
metallic silicon particles for at least 3 hours, preferably 16
to 24 hours in an air atmosphere at 25° C. and RH 55%. The
respective steps of the in-metal oxygen analysis on the thus
prepared (or conditioned) metallic silicon particles, includ-
ing sampling, handling, and placement m the instrument
need not avoid contact with air. That 1s, the analysis may be
made 1n any desired environment.

The other sample subject to oxygen analysis 1s fragments
of metallic silicon raw material which are obtained by
crushing a metallic silicon mass 1nto fragments, and collect-
ing fragments with a weight of 20 to 100 mg, which are
measured for oxygen quantity without treatment. Since the
surface area of metallic silicon fragments 1s negligibly small
as compared with comminuted powder, the contact thereof
with oxygen need not be controlled.

By computing the difference between the oxygen quan-
tities of the metallic silicon particles and the fragments, the
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quantity of surface oxygen on metallic silicon particles
which are actually subject to the Rochow reaction 1s deter-
mined.

The feature of the present invention is to select metallic
silicon particles by measuring the quantity of oxide film on
surfaces of metallic silicon particles. Comparing the surface
oxygen quantities on various metallic silicon specimens, we
have found that metallic silicon particles having a surface
oxygen quantity of at least 0.05% by weight, preferably at
least 0.1% by weight, and/or at least 0.001 g per square
meter of silicon surface area, preferably at least 0.002 g per
square meter of silicon surface arca as measured by the
above-specified procedure especially have an excellent
activity. Differently stated, the procedure involving sepa-
rately measuring the oxygen quantities present on metallic
silicon particles which have been held for at least 3 hours 1n
an air atmosphere at 25° C. and RH 55% and fragments as
their source by in-metal oxygen analysis (oxygen analysis in
an 1nert gas fusion furnace) and computing the difference
therebetween to give the surface oxygen quantity 1s appro-
priate for the evaluation of metallic silicon particles. This
climinates a need for a preliminary reaction test on metallic
silicon particles and enables quantitative management of the
reaction.

As the surface oxygen quantity of the metallic silicon
particles becomes higher, the activity becomes higher.
However, on the selection of metallic silicon particles, the
surface oxygen quantity 1s usually up to 1.0% by weight, and
especially up to 0.5% by weight.

The metallic silicon particles actually used in the prepa-
ration of organohalosilanes should have a mean particle size
of 10 um to 10 mm and satisfy the above criterion of
selection and should preferably have been stored 1n a surface
non-oxidized state (that is, stored in air contactavoiding
conditions, typically in a nitrogen gas atmosphere). As the
more preferred criterion for selecting metallic silicon
particles, the metallic silicon particles should have a taken-
up oxygen quantity of up to 0.3% by weight, further pret-
erably up to 0.25% by weight, and most preferably up to
0.2% by weight, which 1s given as the difference between the
oxygen concentrations determined by in-metal oxygen
analysis of the metallic silicon particles stored 1n a surface
non-oxidized state (to be actually used in the reaction) and
the fragments (from which the particles are obtained by
comminution), respectively. Alternatively, the metallic sili-
con particles actually used should contain up to 0.01 g of
oxygen per m~ of silicon surface area, further preferably up
to 0.005 ¢ of oxygen/” of silicon surface area, and most
preferably less than 0.003 g of oxygen/m” of silicon surface
arca, provided that the oxygen quantity i1s similarly deter-
mined.

Excepting the use of the above-defined metallic silicon
particles, the organohalosilane preparing process of the
invention may be carried out by employing any well-known
procedure and conditions. For example, the copper catalyst
and co-catalyst may be selected from well-known ones. The
organic halide used may be selected from alkyl halides and
aryl halides having an alkyl or aryl group corresponding to
a desired organohalosilane, for example, methyl chloride,
cthyl chloride, and phenyl chloride. According to the
invention, organohalosilanes of the above formula (1), espe-
cially diorganodihalosilanes wherein m=2 and n=0, can be
produced 1n high yields.

The amount of the copper catalyst added may be about 0.1
to about 10 parts by weight per 100 parts by weight of the
metallic silicon. Any of well-known co-catalysts may be
added to the copper catalyst.
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FIG. 1 1llustrates a system for preparing organohalosi-

lanes. The system includes a fluidized bed reactor 1 and a
reactant source tank 3 connected to the bottom of the reactor
1 through a reactant feed conduit 2, whereby metallic silicon
and a copper catalyst or a mixture of a copper catalyst and
a co-catalyst are admitted into the bottom of the reactor 1.
A conduit 4 for the other reactant, organic halide has a heater
5 inserted therein and 1s connected to the reactor 1 at the
bottom. The organic halide in gas or vapor form 1s also
introduced 1nto the bottom of the reactor 1, thereby forming
a fluidized bed 1a of the metallic silicon and the catalyst
within the reactor 1. The reactor 1 1s enclosed with a cooling
jacket 6.

Preferably the organic halide in gas or vapor form i1s
introduced 1nto the reactor 1 at a linear velocity of 2 to 10
cm/sec 1n the steady state. Reaction 1s generally carried out
at a temperature of 250 to 350° C.

The organohalosilane product resulting from the reaction
1s channeled through a discharge conduit 7 connected to the
top of the reactor 1 to a first cyclone 8 where the entrained
solid particles are separated and fed back to the fluidized bed
la through a return pipe 9. The product 1s then fed to a second
cyclone 10 where the entrained solid particles are separated
and fed to a particle reservoir 11 for storage. The product 1s
then fed to first and second silane condensers 12 and 13
where the organohalosilanes are condensed and fed to a
silane reservoir 14 for storage. Part or all of the discharge
cgas from which solid particles have been separated and
organohalosilanes have been condensed and separated 1s fed
back to the reactor 1 through an organic halide return
conduit 16 having a recycle gas compressor 15 inserted

herein. The return conduit 16 1s connected to the organic
halide feed conduit 4.

EXAMPLE

Examples of the invention are given below by way of
illustration and not by way of limitation. All parts are by
weight.

Using a system as shown 1n FIG. 1, methylchlorosilanes
were prepared. A steel reactor of 8 cm 1n diameter equipped
with a spiral agitator and thoroughly purged with nitrogen
was charged with 100 parts of each of metallic silicon
powders of different produces having a mean particle size of
about 50 um which had been stored 1n an 1nert atmosphere
after comminution as shown in Table 1. With stirring by the
spiral agitator, nitrogen gas was introduced 1nto the reactor
at a linear velocity of 2 cm/sec to fluidize the silicon powder
while the powder was heated to 280° C. Thereafter, 3 parts
of a catalyst mixture was added to the reactor. The catalyst
mixture consisted of a copper catalyst 1in the form of a flake
copper foil powder obtained by stamping, having an air-
permeability method specific surface area of 0.80 m*/g, a
mean particle size of 47 um, and a bulk specific gravity of
1.9 g/cm” and a co-catalyst composed mainly of antimony,
brass and bronze. While the reaction temperature was con-
trolled in the range of 280 to 300° C., methyl chloride was
slowly mtroduced into the reactor for reaction. The methyl
chloride feed was ultimately increased to a linear velocity of
7 cm/sec, at which reaction was continued. After 6 hours, the
reaction was stopped. The average rate of silane production

and the composition of the formed silanes are shown 1n
Table 2.
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TABLE 1
Oxygen 1n

BET powder**  Activity*  Activity™®

specific Oxygen in  (taken-up  (surface  (surface

Metallic  Fe Al Ca surface fragments oxygen)  oxygen)  oXygen)
silicon (%) (%) (%) area (m%/g) *** (wt%) (wt %) (wt %) (g/m?)
No. 1 0.15 0.06 0.02 0.06 <0.01 0.03 0.15 0.0025
No. 2 0.24 0.16 0.01 0.58 <0.01 0.03 0.10 0.0017
No. 3 0.20 0.05 0.05 0.65 <0.01 0.06 0.19 0.0026
No. 4 0.32 0.16 0.05 0.53 <0.01 0.04 0.23 0.0043
No. 5 0.29 0.05 0.03 0.604 <0.01 0.05 0.19 0.0030
No. 6 0.25 0.09 0.03 0.60 <0.01 0.06 0.24 0.0040

* Activity was measured by in-metal oxygen analysis (oxygen fractionation using an inert gas
fusion furnace) after metallic silicon particles were held for 24 hours in air at 25° C. and RH

55%.
**Powder was stored in an inert atmosphere and used in the reaction.

**#*0Oxygen 1n fragments was measured by similar in-metal oxygen anaylsis on fragments of
metallic silicon raw material.

wt % and/or at least 0.001 g of oxygen per square meter
of silicon surface area, which 1s given as the difference
between the oxygen concentrations determined by
in-metal oxygen analysis of the metallic silicon par-
ticles which have been held for at least 3 hours 1n an air
atmosphere at 25° C. and RH 55% and the fragments,
respectively.

2. The process of claim 1 wherein the metallic silicon

* Activity was measured by in-metal oxygen analysis 2Y
(oxygen fractionation using an inert gas fusion furnace) after
metallic silicon particles were held for 24 hours in air at 25°

C. and RH 55%.

** Powder was stored 1n an 1nert atmosphere and used 1n
the reaction. 25

% Oxygen 1n fragments was measured by similar
inmetal oxygen analysis on fragments of metallic silicon raw

material. particles have a taken-up oxygen quantity of up to 0.3 wt %.
3. The process of claim 1, wherein the metallic silicon
TABLE 2 30 particles are held 1n the air atmosphere for 3 to 48 hours.
— _ 4. The process of claim 3, wherein the metallic silicon
?;;E?e priﬁ;‘;n MeSiCL./ particles are held 1n the air atmosphere for 16 to 24 hours.
. . . .
Metallic oxygen) rate (/100 Me(H)SiCL, Me,SiCl, Me,SiCl, S. The process of claim 1, wherein the metallic silicon
silicon (Wt %) g Si- hr) (%) (%) ratio par.tlcles have a surface oxygen quantity of at least 0.1% by
f f 35 welght.
ﬁﬂ- é g-:-g i; ;—-;f zi-g g-gg; 6. The process of claim 1, wherein the metallic silicon
Nz' 2 016 o5 1 P 01 ~ 0 048 particles have a surface oxygen quantity of at least 0.002 g
No. 4 093 ) 5 15 03 1 0.045 per square meter of silicon surface area. o
No. 5 0.19 3.0 1.5 91.4 0.042 7. The process of claim 1, wherein the metallic silicon
No. 6 0.24 33.8 1.2 93.8 0.040 particles have a surface oxygen quantity of up to 0.2% by
welght.
. L. . . 8. The process of claim 1, wherein the metallic silicon
There have been described metallic silicon particles with - ’ -
a specific parameter which are active 1n pthe Rochow parl 1clzlles have a surface oxygen quantity of up to 0.25% by
) L., : : : weighnt.
reaction, effective 1n increasing the reaction rate, especially 9g The process of claim, 1, wherein the metallic silicon
in the activation period, and reducing the activation period, - 7 .
and eventually illljlproving the resultg of the Rochoxﬁ reac- ® parl 1(1:]165 have a surface oxygen quantity of up to 0.5% by
: . . .2, - welgnt.
tion. The invention climinates a need for a preliminary 1%. The process of claim 1, wherein the metallic silicon
reaction test on metallic silicon whose results have a wide particles have a surface oxygén quantity of up to 1.0% by
range of variation, and enables a quantitative forecast of the weight |
activity of metallic 8.111(3(:_)11 partilcles. Thf?’ invention 1s Vqlu- 50 11. The process of claim 1, wherein the metallic silicon
able and epoch-making 1n the 1ndustry 1n that the selection particles have a surface oxygen quantity of up to 0.01 g of
?f mf—::talhc %1116011 particles optimum for the Rochow reac- oxygen per square meter of silicon surface area.
10T 15 POSSIDIC. o o 12. The process of claim 1, wherein the metallic silicon
Japanese Patent Application No. 11-142922 1is incorpo- particles have a surface oxygen quantity of up to 0.005¢g of
rated herein by refe'rence;.. o 55 oxygen per square meter of silicon surface area.
Reasonable mod1ﬁcat10ns aI_ld variations are posglble 13. The process of claim 1, wherein the metallic silicon
from t_h‘_‘?? foregoing disclosure WthOUt erartmg from either particles have a surface oxygen ql{aptity of less than 0.003
the.splrlt or scope of the present invention as defined by the g of oxygen per square meter of silicon surface area.
Cl&ﬁlh& < licod | 14. The process of claim 1, wherein the organohalide 1s an
at 1s claimed 1s: alkyl halide or an aryl halide.
1 A process fOl: Preparing organohalosilanes COH}PTiSi_ﬂg " 15. The process of claim 1, wherein the organohalide 1s
reacting metallic silicon particles having a mean particle size methyl chloride, ethyl chloride or phenyl chloride.
of 10 um to 10 mm with an organohalide in the presence ot 16. The process of claim 1, wherein the amount of the
a copper catalyst, wherein copper catalyst 1s 0.1 to 10 parts by weight per 100 parts by
the metallic silicon particles, which are prepared by welght of the metallic silicon.
65

comminuting fragments of metallic silicon raw
material, have a surface oxygen quantity of at least 0.05
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